rfrerrerfr

e

What dﬂ)\h Te Wy @rﬁfthe

N );1 W

A
Beam En‘fe y .
= JAR: ;aﬁ;z,x C
— "?’ﬁf_ 7 R

= r: i Ir-
5 ;J- = I._ _,f;;::,e-- - / —

/ N Lawxe%r:i Be 1< ey\Na ' ﬁab

| for the STAR Coﬂlaboratmn\ \\{
Yy y o \—‘i ST

2012 RHIC & AGS Mmai \}s/ers Meetmg

7



Outline

Introduction to the
Beam Energy Scan program

Spectra
Fluctuations
Flow

Summary

Temperature (MeV)

Hadronic Gas

250 500
Baryon Chemi




p@ The Beam Energy Scan at RHIC/STAR

Main Goals:

» Signatures for a possible phase transition
» Signatures for a possible critical point

Temperature (MeV)

L e Strategy:
o - Almost equidistant steps in T-p:

7.7-62.4 GeV Au+Au reactions

Hadronic Gas

° 0 2508 CShDO - 750 : EﬂO({g M
aryon Chemical Potential ;(Me . . .
 Disappearance of QGP signals like

v,-ncq scaling, energy loss (R_),...

Vs (GeV) MB Events in 10°

7.7 4.3  Looking for non-monotonic behavior
11.5 L7 with energy

19.6 35.8 (eccentricity, yields, slopes,...)

27 704 » Comparing to theory predictions

39 1304 » Fluctuation analyses — critical point
62.4 67.3 *Au+Au minimum bias events at STAR usable for analysis

June 12-15, 2012 Alexander Schmah - LBNL 3



The Solenoid Tracker At RHIC (STAR)




The Solenoid Tracker At RHIC (STAR)

/AL
/4mn .

e Full azimuthal coverage

«-1<n <1coverage

» Uniform acceptance for all
beam energies




X:Iqﬁ' LN L L B
- 1.2<p<1.5 GeV/ic Au+Au
' T 19.6 GeV -

o
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o
|o|)| T

‘;.“ .
g 8 |
2 2 o04f ,
2 8 ool 1 | * Specific energy loss dE/dx
1y s from TPC
E P A -~
I 00T 720 Oovie 5 —up to ~ 0.7 GeV/c clean
v ot i PID for all particles
ER 1| *m? from TOF
2 50 = — up to ~ 1.6 GeV/c clean
8 | . PID for all particles
= ! 1« Combination improves
% ook 27<P<3.0 GeVic ] purity
2 Qe P
% FIRE
] 0 r n
£ £ 10
c 10f
2
e
momentum (GeV/c) m? (GeV/c?)?
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Invariant Mass Distributions

Aut+tAu @ 624 GeV
) 1)
= =
D [4b]
: :
— o
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Loy 3 - 2
d 1 — same event =
o r [ mixed event | o

e T
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x10°
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< 1op Ks 1 =
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= i =
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M(r* ) (GeVic?)

EKE 115
M(p.r) (GeV/c?)
x10°
4_
2_
091 115
M(p.x*) (GeV/c?)

73 135
M(A.T) (GeV/c?)

14

e
M(A,x*) (GeVic?)

135 14

dN/AM (1 (MeV/c?)™)

dN/AM (1 (MeV/c?)Y)

Y65 17
M(AK) (GeVic?)

175

T165 17
M(A,K*) (GeV/ic?)

« Topological reconstruction of VO particles, all daughter particles identified
» Mixed event technique for combinatorial background

75
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1/(N_ 27P)dN?/dP.dy (GeV/c)?

KS spectra, Au+Au 39 GeV
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= spectra, Au+Au 39 GeV

e Charged particles up to 1.3 GeV/c

— higher p_in preparation

0 N —+- +/- —
« K' A, A\, =77, Q7 spectra up to p,. = 4.5 GeV/c

e Corrected for feed down
* Yields agree well with published results
(i.e. NA49: PRC66 (2002) 054902, E802: PRC 58 (1998) 3523)
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Particle Spectra Results

STAR CPOD 2011

0'30: HRG + Hagedorn 0'2_ ® 05%
r Lo lper bound - STAR Preliminary o 0200
0.25 F Kinetic model 0.18F ¥ 20-30%
L Thermal model ' i » 30-40:/.,
r - T Statistical model L 200 GeV ; gg:gg‘;:
0.20F ! T et SHM 0 16- g 60-70%
: ) R o o el < 0. —* 70-80%
- I o, S “p— @ . EH
5 0.15 /i * oty SRR o) A
-k gt 2014 39 GeV
L ; e i
0.10F o _#T STAR preliminary = 11.5 GeV 7.7GeV
C J ;I i !gfdata K'/n data 0.12[
0_05_1 I BES (STAR) ZBES (STAR)
:’! ! X ® RHIC O RHIC i
TPy =SPS ESF‘S 0.1
O.DOZ‘J: i [ | I 3 AG:S i L iid I AG|S i i L 1 L L I L L L L I L L 'l L l L 1 L L l L 1
345 10 20 100 200 0 0.1 0.2G y 0.3 0.4
\/Syy (GeV) u, (GeV)

» Grand canonical approach used

» Transverse momenta spectra contain fundamental | ' * Based on K, T, p ratios

information — freeze-out conditions  Centrality dependence of chemical
« K/ 1T ratio as a signature for phase transition? freeze-out parameters

— most likely not » For lower energies significant

June 12-15, 2012 Alexander Schmah - LBNL 10




dN /N dm,, (c¥GeV)

U

1

- — - — -
e <Q = Q
[4)] = [#+] %] -

—
=1
[e)]
O

STAR preliminary

—e— unsubtracted SE
LS SE Background
—s— subtr. SE geometric mean

39 GeV

subtr. SE arithmetic mean

1840 ‘

0.5

1.5 2 2.5 3
dielectron invariant mass (GeV/c?)

» Prominent peaks for ¢, w and J/¥
- Enough statistics for differential p_

« 200 GeV “enhancement” observed at low Mee

— smaller compared to PHENIX results
— energy dependence? (19.6, 27, 39, 62.4 GeV)

Data/Cocktail

dN/dMdy (c%/GeV)

-
o

—_—
<Q

—
S
[5]

10

—

STAR Preliminary  Au+Au 200 GeV MinBias |
peT>0.2 GeV/c, In°|<1 ]

NN, o,
J/y, ', bb, DY
— T PYTHIA 0.96mb

— Cocktail Sum

| +++

j_‘ _________ #ﬂ' o +++++++++h+ _+__+_

0 1 2 3 s
Mass(e'e’) (GeV/c?)

STAR CPOD 2011

June 12-15, 2012
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K(p)/m Event-by-Event Fluctuations

5 PUPELAh _— ° °
- p/m ] * STAR observes a monotonic increase
— o //‘ : for the p/1r dyn. fluctuations vs. \/SNN
N ‘ * ] « Almost constant value for K/1r vs. \/SNN
€ .5/ R | .
T .- b ¢ i o
6 i - STAR Preliminary 1  UrQMD can describe the trend for the
i 1 STAR results
-10— — STARAMPT % STARo,, (Au+Au 0-5%)  —
I— ¥¢ STAR\v,, (Au+Au0-5%) ]
: Ao m Ak, b 0as%) » Good agreement between STAR and
S NAA49 results for o
10 s (GeV)1 0 dyn,p/m
\ S - Significant difference for 6,  _especially
14; — STAR AMPT % STARg,, (Au+Au 0-5%) é at 7'7 Gev
Y S A » Different acceptance most likely not
< 10f- STAR Prefiminary ] the reason for the difference
2 g E » PID is different for the two experiments
b-u 53— —
A3 E NA49: Phys.Rev.C79 044910 (2009)
- W * ]
2; % i pike * _
g o : STAR CPOD 2011
o ] . L | " . -

June 12-15, 2012 Alexander Schmah - LBNL 13



Higher Moments of Net-Proton Distributions

Pl . .. Au+Alu; 0-5% | — Today: Daniel McDonald, 15:20
I ®e oLE?&OEgnevm) |
o | . IS 1 | ¢ Conserved quantity: ~Baryons
¢« 05| ®. - * Product of moments cancels out volume effects
[ Lattice QCD .% | | » Data are consistent with HRG model at high energies
[ N=6, T=175 Mev “.@ | *No indication for a non-monotonic behavior so far
o | HRG e PID: TPC dE/d;--.._.—  Analysis for 19.6 and 27 GeV is ongoing
3 |« Autocorrelation between centrality definition
12 ] window and analysis window is being studied
N ﬁ 1 | — more important at the lower energies!
R e . 7|+ PID methodology (rapidity, p. cuts, PID method)
“ 08 - 6 + + -1 | studies are ongoing
o 1 * More accurate statistical error propagation is
E o L Tc‘fll'ﬁ‘\ll?lprelimilnary‘ E OngOIHg
345 10 20 30 100 200
\Syn (GEV) K02 ~ YD/ So ~3/y@ o2 /M=y x(1)
The 62.4 and 200 GeV data are published Product of moments cancel volume effect
in PRL 105 (2010) 022302 F. Karsch et al, Phys. Lett. B 695, 136 (2011).

F. Karsch and K. Redlich, M.Cheng et al, Phys. Rev. D 79, 074505 (2009)5

Phys. Lett. B 695, 136 (2011)

June 12-15, 2012 Alexander Schmah - LBNL 14






Freeze out Eccentricity from Azimuthal HBT

Spatial eccentricity:

Target Pfojécti'[g'
- ,J 5 -

2 fmlc

Without 1%
order P.T. order P.T.

Kolb and Heinz, 2003, nucl-th /0305084

. Lisa, Frodermann, Graef,
STAR DNP2011 Mitrovski, Mount, Petersen,

Bleicher, New J. Phys. 2011,
arxiv: 1104.5267

N e K.=0.16-0.6.CGeV/e.... | =  E895.PLB 496, 2004 (7.429.7%) |
0.4 - K‘ 0.15-0.6 GeV/c & CERES - PRC 78, 2008 (10-25%)
& f = *Model centralities ¥  STAR - New Results (10-30%)
B correspond to data uramp
- 7| TETTEEEEIIE R Mo . Hybrid[BM]+UrQMD
03— e 1amean Hybrid[HG]+UrQMD
B 2D hydro EoS-Q
- — . — 2D hydro EoS-H
— S
- -~ . 2D hydro EoS-I
0.1—
o L
B o STAR preliminary
1 ;? | L1 11 | 1 ‘.\ | 1 L1 11 | 1 | | 1 1111
1 10

10° /(s (GeV) 10°

« Monotonic decrease of € from 7.7 to 200 GeV of the STAR data
« UrQMD appears to predict the STAR data most closely

June 12-15, 2012
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‘Z\ﬂ“‘m Directed Flow of Protons

! 3 7.7 GeV: Proton | 3 5 GeV: Proton | ,
STAR SOM 2011 " fre N o " 6ot Pt
0.03F ¥ 10-40% / 0.03¢ ' ¥ 10-40% 4 003 oy
L3 + t4 e | vz Yy ve 0.02 * {' * 4080
0_01;— * 0-012- 0.01 _
- U-— B, N 0_ - '__.:: e W e
e dv_/ dy of protons S of i | of | T P
. é # + g_ ,:::.’ -1 s
for 10-40% most central | % H t EZi + 000 {
o o 0.03F / a3 reliminar e
collisions shows a ok TR Pretmiar -
sign change between y ; L
7.7 and 11.5 GeV
0.2 .
— effect from transported ; Proton v, Siope
“E ¥ STARED 10.40%
quarks at lower 3 . : Etombearm
. ? . 0 NA49: mid-central
energies: 005k .
R !
) %* °F ¥R z
« UrQMD (bands) predicts 0.05E- . v
the correct trend but not o1F ' .
the magnitude 0.15F + Y = Ve
E STAR preliminary |
02 10 102

VSN
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Elliptic Flow of Charged Hadrons

(@)10-20% 1 ®20-30% | (c)30-40%,
0.2 | rFitto 200 GeV data +

i + . V2{4} cumulant method

+, — insensitive to non-flow

=276 TeV (Pb 4 PB)|
= 200 GeV
=624 GeV
=39 GeV

9 | | * General shape and magnitude
e 1% STAR preliminary of v {4}(p,) is similar for all

7"1{7'_‘,'1[‘,
b1) Ratio to fit function | (c1) Ratio to fit function |

> - f° energies between

© 7.7 GeV - 2.76 TeV

o

(QV

_‘3 e In detail: at p_ <2 GeV/c the

L‘E v,{4} increases with increasing
Vs

STAR SQM 2011 « Baseline measurement for

ALICE data: Phys. Rev. Lett. 105, 252302 (2010)

identified particle v,

June 12-15, 2012 Alexander Schmah - LBNL 18



0.2
o
> 0.1

Elliptic Flow of p and p

| Au+Au, 0-80%

STAR CPOD 2011

. ¢ $o ] .
0058560 886 0;
.500 659 n-sub EP
.50 Ga
LS | STAR preliminary
0 1 2 3 0 1 2 3 0 1 2 3
p_ (GeV/c)

« Increasing larger difference between p and p with decreasing energy
. v,(p) > v (p)

June 12-15, 2012

Alexander Schmah - LBNL
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oo 27 GeV 1 39 GeV 1 Au + Au, 0-80%

L d + | + [ ] ]
'8560 3.6'?;@* oE |:|é
N 00° ol P A
> 0.1 .50 &85 { m-subEP
8 .
obst® Loes® | STAR preliminary |

0 1 2 3 0 1 2 3 0 1 2 3

STAR CPOD 2011

* Very similar to protons and anti-protons
- Systematically higher v of A compared to A at lower energies

June 12-15, 2012 Alexander Schmah - LBNL 20



v, Difference vs. V S

and
N

u

\/q (GeV)

» Small difference at higher energies,
large increase at lower energies
- Difference increases with

i, (GeV)

* Dominance of hadronic phase?
 Baryon/quark transport?*
» Hadronic potentials?**

~ STAR —~ | STAR " N E
S | ®p-p S [ ®pp =1
o LKK < [ LKK o =1
X 50 avx | 2 50F Arr IR
2 A 2O % HE
< < <o =l
l“‘x""m = ¥ S =
T | 3 i A s>
< X @% AN = I
"';N 0 :ﬂ | """"""""""""""" ] § g
~ I “ STAR Prellmmary | ~ ' STAR Prelimilnaryqi“‘““* S o
o A S . Sl EE

0 40 60 0 0.2 0.4 13

o~

~

=

s

N

=

o

(@)

b

=

2

*J. C. Dunlop et al., PRC84, 044914 (2011)

STAR CPOD 2011

June 12-15, 2012

**J. Xu et al., arXiv:1201.3391 [nucl-th]
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http://arxiv.org/pdf/1111.2406v1.pdf

R Elliptic Flow of Particles vs. m_

Au+Au (0 80%) - sub EP

0.2/7.7GeV  11.5GeV - 139 GeV |
P ] s ] q@o@i%+
0 I o I SR TSR
01 . oiéw S L — gﬁ P .
S %%ﬁ* ' i @@% y i %ﬁg. :
o o 4 |
STAR Preliminary | + !
o 1 2 3 1 2 3 1 2 3

(mT-mo) (GeV/c?)

¢ Clear baryon < meson splitting at 11.5 and 39 GeV
e Splitting smaller at 7.7 GeV, ¢ at 11.5 GeV — different?

June 12-15, 2012 Alexander Schmah - LBNL 22



Elliptic Flow of anti-Particles vs. m_

STAR CPOD 2011/QM 2011

Au+Au (0-80%), n-sub EP

02776 Hiseev | Tfaseey |
2 %
>N

| T it
STAR Preliminary '}' |
L1 11 | | [ | L 1 1 1 | | -]

0o 1 2 3 1 2 3 1 2 3
(mT-mo) (GeV/c?)

* Clear baryon < meson splitting at 39 GeV
e At 7.7 and 11.5 GeV the splitting is small/gone?

June 12-15, 2012 Alexander Schmah - LBNL 23



NCQ Scaling of Particles vs. m_

STAR CPOD 2011

Au+Au (0 80%) - sub EP

],
'\l_
Q]
)]
<

0.1

20.05-

v,/n

—11SGeV |

STAR Prehmmary

0 05 1

(m_-mg)/ncq (GeV/c?)

Cac b b e
0.5 1 1.5

at high m_

* Number-of-Constituent Quark scaling holds for particles
» ¢ -mesons show different trend at 11.5 GeV, but no statistics

June 12-15, 2012
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NCQ Scaling of anti-Particles vs. m_

STAR CPOD 2011/QM2011
Au+Au (0-80%), n-sub EP
0A77GN T FrsGev | 133G
w3
RS | i
50.05 ﬂl" ¥ T . %’ "y 1

v,/nc
e
> lﬂ:fi{
e
i
i@%
-

STJF\R Preliminary
Lo Low v b b e b b b e e |

0 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5
(m_-mg)/ncq (GeVIic?)

e Number-of-Constituent Quark scaling holds at 39 GeV,
looks different at 7.7 and 11.5 GeV compared to particles
» ¢ -mesons show different trend, but no statistics at high m_

June 12-15, 2012 Alexander Schmah - LBNL 25



Outlook and Future Perspectives

» Most analyses will be finalized 151026
soon for all BES energies 2 —
R e
- : e
« R_,, centrality dependence, . O
di-lepton p_ spectra, higher 4 5/
order cumulants, LPV, v_, v ... P x10%)
: N @19 GeV
1107 ' ' '
» Take data at an additional energy 0 0.5 1 L5 2
(15 GeV)7 vertex cut [m]
_ . Luminosity upgrade with electron
* 5 GeV in collider mode, lower cooling + longer bunch lengths

energies in fixed target mode?

Alexei Fedotov and Mike Blaskiewicz

: C-AD, Brookhaven National Laboratory
[ J 7
BES .Phase IT with electron DOTENTIAL FOR LUMINOSITY
cooling + longer bunch lengths IMPROVEMENT FOR LOW-ENERGY RHIC

— more statistics at 7.7 and OPERATION WITH LONG BUNCHES
11.5 GeV

June 12-15, 2012 Alexander Schmah - LBNL 26



K'/z* data

M BES (STAR)
@ RHIC

W spPs

Summary LT

K'in data
2LBES (STAR)
O RHIC
OspPs

TAR reliminar&AGb
- Excellent agreement with published results ASES A
- Centrality dependence of freeze-out parameters

Spectra results:

Event anisotropy: -Difference between particles and corresponding
anti-particles in v,

-p-meson v, deviates from other hadrons at 11.5 GeV

— partonic phase becomes less important?

—— STAR AMPT % STARG,,, (Au+Au 0-5%)

< . . . STAR HSD W% STAR\ V oyn (AUtAU 0-5%)
Azimuthal HBT: Smooth decrease with increasing energy i

m NA49G,, (Pb+Pb 0-3.5%)

STAR Preliminary

K/ fluctuations: Flat as a function of \/SNN, discrepancy at lower
energies with NA49 results

Higher moments: In agreement with HRG model at higher energies.

Au+Au: 0-5%
@ Net-proton
0.4<pT<0.8 (GeVic)
|y|<0.5

Lattice QCD
& N=6, T =175 MeV
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Higher Moments of Net-Kaon Distributions

STAR APS Fall Meeting 2011
— Today: Daniel McDonald, 15:20

w,, K'- K, TPC+TOF, 0-5%

w,, K'- K', TPC+TOF, 0-5%

1.2 1.6
i ® Data i
L —— Poisson, data 1.4~ * Data
1 —— Poisson, STAR L — Poisson
" 1.2
0.8_7 ‘
{' + + * o

STAR preliminary

10 102 \ Snn

10 102 VSnn

*Poisson, STAR = efficiency corrected

» Conserved quantity: ~Strangeness
* Intensive normalized cumulants
e Use of time-of-flight

» Different acceptance used for
centrality definition and analysis

* No dramatic enhancement with
respect to Poisson so far

June 12-15, 2012
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‘ZS\IAR What do we want to learn?

. A Water QCD matter
= * . .
g very simple diagram 1 A
? Water Vapor 0
B 8
-l o]
— 5 Critical
E‘ Point
100°C S
Liquid : %\ Quarkyonic
Water Hadronic Phase ‘.‘% '\ Matter
! .
Gas-Liguid '\ _.-==="=
0°C
Nuclear\qg' '“ -
Superfluid .
Ice . .
> Baryon Chemical Potential g
To0mm Pressure K. Fukushima and T. Hatsuda, Rept. Prog. Phys., 014001(2011); arXiv: 1005.4814

* Only very few points and lines are known on the
QCD phase diagram
— phase transition line: not known
— critical point: not known

 Use Heavy-lon reactions to study the diagram!

June 12-15, 2012 Alexander Schmah - LBNL 30



Elliptic Flow of ™ 7, T -

>C\I o9
Ll e999’¢ QQQQ #
[ o A
L 9 S
0 _ .... - _. .............................. o T o A
0.0l 27 GeV 1 39 GeV 1 Au + Au, 0-80%
. . .t
8¢ ++ : o
ol [ ]
> 0.1+ l .0. n-sub EP
L [ ]
: o
Ob | 1 STAR preliminary

0 1 2 3

energies

» Almost no difference at 39
- Systematical higher v_ of T “compared to T " at lower

June 12-15, 2012

Alexander Schmah - LBNL
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g Dynamical Charge Correlations

Observations:
Measurement of charge correlations with respect to event plane

0.001 ———
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STAR Preliminary
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L u 4 4 4
of - *H‘ ..... e — — o p— — _—
02| 27 GeV 1 39 GeV 1 Au + Au, 0-80%
' ' . * = A
L ox
ol : : o A
> 0.1} 4 5 { m-subEP
E d !E ]
obo | | STAR preliminary |
0 1 2 30 1 2 30 1 2 3
P, (GeV/c)

* Very similar to protons and anti-protons
- Systematical higher v, of A compared to A at lower

energies

June 12-15, 2012 Alexander Schmah - LBNL
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Elliptic Flow of Kaons

s
0.2 27 GeV 1 39 GeV 1 Au + Au, 0-80%
Z j .ﬁ; oK'
>C\I 0.1-_ 1 #.@§Q%++ + i n-gub EP
’0
obo | R | STAR preliminary
6 1 2 3 01230123
p_ (GeV/c)

« Different kaon species are very similar at 39 GeV

« At7.7 and 11.5 GeV a small difference can be observed: v (K") > v _(K)
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K/ Event-by-Event Fluctuations

N RS IS R B IR LR IR
g f | STAR: DNP2011
mo g Au+Au @\ s,,=19.6 GeV (0-5%)
10 I§_ ® Data o 5 .
ok  Mixed Events * Fluctuations in particle numbers can be
: G = 23.35%+/-0.02% ‘y .
wf a0 ‘related t(? critical b.eh.a.v1or such as an
L Cuyn = 2:02%+/-0.28% increase in susceptibility
of STAR Preliminary « Non monotonic behavior (\/SNN) of event-
5 1 by-event particle ratios — critical point

0 005 01 015 02 025 03 0.35 0.4
Single Event K/x ratio

0.001- ¥ STAR Au+Au, 0-5%, TPC+TOF Ogyn =9 ign (G' jam = mmd )\/| O data — mmd
oan0e]- +
N P V) N A A NV
P T R TS S T O
0.0002
I STAR Preliminary O-jyn =V,

10 \ ﬂSNN (Gev) 102
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$-Meson Spectra from ¢ — K'K

3 —_— —_ DRI B L . SR L ]
o 10F : [ T RurAd 39 Gov § -\ 200 GeV (0-5%/40-60%) :
s - s To20ws - @ 49 9G¥ E
5,_2, AL . 20-30%/52 3‘ 25_* 11.5 GeV STAR preliminary -
Gl bt o SO + 4/ I Y 2 a776ev X :
= L e s e ¥ ® 60-80%/5° ] o~ C
> 104- e NN, o 1 © 1.50 E
B T e iy o F
Q-E L o\“\‘—-.».‘_ ‘\.‘\ : ‘:f‘ 5 =3 1; i ? .
Z 107 e, e e T & .t A
S L T el o 0.5 A N
%1010; STAR Preliminary b T‘ i . ! | L LT
0 1T 2 l 4 5 1 2 3 4 5
p, (GeV/c) p, (GeVic)
'ag 04 '® HADES Ar+KCl | : :
& S ST A R el « Reconstruction up to 4.5 GeV in P,
0.3 ¥ STAR Au+Au Central | ) . .
i e * ¢/K ratio is used to test strangeness
0.2 ko production mechanism
‘‘‘‘‘‘‘ . RCP at 39 GeV is consistent with unity
atp.>1GeV/c
01— STAR preliminary pT /
009 oo
1 10 10? 10°
\ fsN_N (GeVic) *error bars are combined stat. + syst.
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Anisotropy Parameter v,

coordinate-space-anisotropy oy momentum-space-anisotropy

y

] 5 }
v, =(Cosl@), @=tan (—)

) P,

Initial/final conditions, EoS, degrees of freedom




R v, Difference vs. \/SNN and M

. AutAu(0-80%) _ AutAu(0-80%) -
Q | STAR ~ [ STAR “ Z
S ! ®p-p S - @p-p i
< | LK -K A
x \ =
<, 50 Ar'm - X 50 An*-m QL 4 =
> >N Q T @)
< i = L OA-A =
3 =3 g =
NG o p._J - {i} <
7 > o <
— - — i WEa A ~
x x = :Q - = - - ﬁ . 8
Za 0 e — .
= I ‘ ] > I <
A 'STAR Preliminary ~ STAR Preliminary 1‘““-* 2
1 1 | | | | | | | | aQ
0 40 60 0 0.2 0.4 =y
\ISN (GeV) u, (GeV) %
» Small difference at higher energies * Dominance of hadronic phase? E
. (1/ \/SNN) ® increase at lower energies . Baryon/. quark trgns;z:rt?* §
- Difference increases almost linear with * Hadronic potentials? <
gs
*J. C. Dunlop et al., PRC84, 044914 (2011) =~

**J. Xu et al., arXiv:1201.3391 [nucl-th]
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http://arxiv.org/pdf/1111.2406v1.pdf

£

12fm/c
K
"-*e
Y | =->
dni A AR &k flow
L A

v
Z.
%

—10-75-5-250 25 5 7.5 10
Z [fm)

J. Brachmann et al., PRC 61, 24909 (2000).

June 12-15, 2012
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ﬁf\S@R Directed Flow from Identified Hadrons

0.04F 7.7 ﬁewlla-m%} 0.04f 30 GeV(10-40%) STAR: SQM2011
p
0.02F ++++ ¥ 7 0.02F » ¥ P 0.04F 7.7 GeV: Proton
N : ¥ 0-10%
= oF = 0Of WW 0.03F + ¥ 10-40%
F ¥ 40-80
-0.02F ++ ++ -0.02F A o t 4 - +
0.01
-0.04F STAR preliminary+ -0.04F STAR preliminary = 01_
__1_5”.ll-l...:ﬂl_é...[ljl..h_lsl...-Il....-l5 _.1I.5“._I.1“._.ﬁll.5“.é...ﬁ:é...:‘...i.E E +
-0.01:— } +
-0.022— t { .I.
0.04f 7.7 GeV(10-40%) 0.04F 39 SeV(10-40%) 0.03F ” bands: UrQMD
[ I:[ T - STAR Preliminary
0.02F ‘;‘ ¥ 0.02F ¥ 004
i -1 -0.5 0 0.5 1
- o : ok M ”
0.02F -0.02f « 0.2 <p_<2.8 for protons
004 STAR preliminary, -0.04F STAR preliminary 0.2 <p_<1.6 for pions and kaons
AE T 05 0 05 1 15 15 -1 -056 0 05 1 15 T
- Change of the proton dv_/dy from
0.04f 7.7 GeV(10-40%) 0.04f 30 GeV(10-40%) 39 to 7.7 GeV at mid-central collisions
L k* k+
0.02f ¥ oK 0.02F ¥ oK — maybe due to transported protons
< ok s of M to mid-rapidity
002k -0.02F * No change in the slope for other
2.04f STAR preliminary 0.04f STAR prelminary, particle species .
AFEEEEERESE s A5 05 ) 05 1 45 « UrQMD predicts the right trend
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NCQ-Scaling

Number-of-Constituent (NCQ) Scaling

Minimum bias, Au + Au at \/ =200 GeV

I STAR 0 " PHENIX ': statlstlcal error only
ot ¢0Kg; @9 om AP
0.1 [ a P '#}A AQ
Ccr ) ®:0 o 3
= F{’% ¢ ‘*f
0.05 | ‘
- PHENIX; PRL98, 162301 (2007) |
0 1 2
p_/n, (GeV/c) (m_-mass)/n_ (GeV/c?)

» Shows partonic degrees of freedom
» How does it look like at lower energies?

June 12-15, 2012
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Higher Moments of Net-Proton Distributions

10° 1 Au+Au 200 GeV o . 0-5% Mean: M =<N>
j2) _105 0.4<p <0.8 (GeV/c) l-l. = 30-40%
o Iy1<0-5 - o 2
2 10° e W *70-80% Sigma: O = \/-< (N— <N >) >
O 10° e T 3
@ . . " <(N-<N>) >
g 10° L . Skewness: § = ( ; )
Z 10 " . " c 4
TR Ty urtosi <(N=<N>)"> ;
20 10 0 10 0 urtosis: K= " — -
Net Proton (AN,) o}
W _O@PITH Y o .
X = . » Link between susceptibilities (e.g. from lattice QCD)
Oy 1 T) T and products of higher moments

* Volume effect cancels out

 Net-proton number fluctuations can reflect baryon
number fluctuations

 High fluctuations predicted close to the critical point

¥t/ xg* = (Ko?)p
XB3 / X132 = (So)p

F. Karsch et al, Phys. Lett. B 695, 136 (2011)

M.Cheng et al, Phys. Rev. D 79, 074505 (2009)
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SR

Chemical Freeze-out

Statistical-Thermal Model (THERMUS):

n=

1 (TnZ) _

vV

ou

k=1

W’” 3- E( l)mf o P )Kz(km*'

T

p=1/T, -1(+1) for fermions {bnsnns}, Z=partition function;

m; =

potential

< Fitted particle ratios with THERMUS
<Used grand-canonical approach
< Two main parameters: T, and ug

+I-:_:x

lE \ E +

:..._'--.Q. E - R
lﬂila‘ihxiﬁ.

10°F

b

# Data

- —Model

Au+hau 11.5 GeV
0-5%
-
-y

-

+
STAR Preliminary

degeneracy; ;= chemical 4,52

Try to use strange

particles also in
future

S. Wheaton & J.

Cleymans, hep-ph/
0407174,

S. Wheaton, J. Cleymans
& M. Hauer, comp. phys.
Comm. 180 (2009) 84.

Lokesh Kumar

mass of hadron species i; V = volume; T = Temperature;
K,= 2nd order Bessel function; g, =

+ ' +
B X o Bk
E X X 4dax &
" . —r
Sl - AutAu 7.7 GeV
© 0-5% - 3
10" - 3
s Data -
—Model -
107 STAR Preliminary
+ T \ +l=l'
EZafesk
B X o X a x .o
o
=1 - Au+Au 39 GeV
© [ - 0-5% 3
i -5 o
[ - .
- -+ ]
10%F e Data 3
r —Model o ]
. STAR Preliminary -
10°F E
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